We report successful application of space-charge forces of a low-energy electron beam for improvement of particle lifetime determined by beam-beam interaction in high-energy collider. In our experiments, an electron lens, a novel instrument developed for the beam-beam compensation, was set on a 980-GeV proton bunch in the Tevatron proton-antiproton collider. The proton bunch losses due to its interaction with antiproton beam were reduced by a factor of 2 when the electron lens was operating. We describe the principle of electron lens operation and present experimental results. 
, where r 0 = e 2 mc 2 denotes the particle's classical radius, N is the number of particles in the opposing bunch and ε is its the rms normalized emittance related to transverse rms beam size σ at the interaction point (IP) as ε = γσ 2 β * , γ>>1 is relativistic gamma factor, is the value at the IP of the beta-function which describes the focusing properties of the ring's magnetic lattice (for simplicity here, we consider a collider with round Gaussian beams). This dimensionless parameter is equal to the shift of the betatron tune Q β * = f β f 0 of core particles due to beam-beam forces. (The tune Q x,y , a key stability parameter, is the number of periods of particle's horizontal or vertical oscillations in the focusing lattice in one turn around the ring.) While core particles undergo a significant tune shift, halo particles with large oscillation amplitudes experience negligible tune shift. The EM forces drive nonlinear resonances which can result in instability of particle motion and loss. The beambeam limit in modern hadron colliders is at (N IP is the number of IPs), while it can exceed in high energy e+e-colliders [1].
Operation with a greater number of bunches allows a proportional increase of luminosity but requires careful spatial separation of two beams everywhere except at the main IPs. Long-range (as opposed to head-on) EM interactions of separated beams are also nonlinear, usually vary from bunch to bunch, and contribute to the limit on collider performance.
Besides the technique of electron lenses, the subject of this Letter, there are few beam-beam compensation (BBC) schemes tested experimentally. The 0.8-GeV DCI storage ring at the Laboratoire de l'Accelerateur Lineaire (Orsay, France) had four colliding beams -one positron and one electron coming from each direction. Full space charge and current compensation could be achieved if all the beams had the same intensities and dimensions, but the observed beam-beam limit was not significantly different than with just two beams [2] . These results are attributed to strong coherent beam-beam effects which are characterized by rapid correlated variations of the beam distributions -see Ref.
[3] and references therein. Octupole magnets were used for compensation of the cubic nonlinearity in the beam-beam force at the VEPP-4 e+e-collider (Novosibirsk, Russia) [4] . Although a several-fold reduction of electron halo loss rate was demonstrated at optimal octupole current, the technique has not found wide application because its efficiency is strongly dependent on the machine tune. Compensation of the EM fields of separated beams by placing a current conducting wire at the same distance to the beam as opposite beam was proposed in [5] . Some 20% reduction of the e+ loss rate due to such a method was observed at the DAFNE (Frascatti, Italy) [6] . The wire-compensation technique is less efficient if multiple beam-beam interactions occur at different distances and betatron phases, and, of course, it is useless for head-on BBC.
Electron lenses were proposed for compensation of both long-range and headon beam-beam effects in the Fermilab's Tevatron collider (Batavia, USA) [7] . The lens employs a low energy β e =v/c <<1 beam of electrons which collides with the high-energy bunches over an extended length L e . Electron space charge forces are linear at distances smaller than the characteristic beam radius r < a e but scale as 1/r for r > a e . Correspondingly, such a lens can be used for linear and nonlinear force compensation depending on the beam-size ratio a e /σ and the current-density distribution j e (r). Main advantages of the electron lens compensation are: a) the electron beam acts on high-energy beams only through EM forces (no nuclear interaction), eliminating radiation issues; b) fresh electrons interact with the highenergy particles each turn, leaving no possibility for coherent instabilities; c) the electron current profile (and thus the EM field profiles) can easily be changed for different applications; d) the electron-beam current can be adjusted between each of the bunches, equalizing the bunch-to-bunch differences and optimizing the performance of all of the bunches in multi-bunch colliders. The electron beam steering is done by adjusting currents in superconducting dipole correctors installed inside the main solenoid cryostat. It was also important that electron gun generates electron current distribution with wide flat top and smooth radial edges. Such a distribution is generated in the 7.5-mm radius convex cathode electron gun with an optimized electrode geometry [8] . The TEL magnetic system compresses the electron-beam cross-section area in the interaction region by the factor of (variable from 2 to 30), proportionally increasing the current 
